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Bacterial endocarditis in regularly dialyzed patients. Nine
patients developed bacterial endocarditis during maintenance
dialysis (2.7% of all patients so treated). Probable causative
organisms included staphylococci (5), Listeria (2), Coryne-
bacterium (1), and enterococci (I). On the average, endo-
carditis was detected 28.6 months after dialysis was initiated.
Antecedent vascular access infections were common, as were
central nervous system symptoms. Peripheral embolic phenom-
ena were infrequent. The aortic valve was usually involved.
Underlying heart disease was frequent and facilitated the
appearance of congestive heart failure. Heart failure and valvular
perforation usually caused death. Antibiotic therapy was in-
effective in most patients. Only two of the patients survived, one
of whom had aortic valve replacement. Death due to endocar-
ditis occurred in two of three patients with osteomyelitis and two
of three patients receiving adrenocorticosteroid therapy. The
clinical presentation of bacterial endocarditis, its clinical course
and outcome, and the urgency for treatment differ substantially
from those in nonuremic patients.
Histoire naturelle de l'endocardite bactérienne chez les nialades
soumis I l'hémodialyse périodique. Neuf malades soumis a
l'hémodialyse périodique ont eu une endocardite bactérienne.
Cela représente une incidence de 2,7% d'endocardites chez les
malades suivis en hemodialyse périodique par Ic Regional Kidney
Disease Center. Les agents pathogenesétaient des staphylocoques
dans cing cas, des Listeria dans deux cas, un Corynebacterium et
un entCrocoque dans un cas chacun. L'endocardite a débuté en
moyenne 28,6 mois apres que l'hemodialyse ait été commencèe.
Des infections des voies d'abord vasculaires sont frCquentes dans
les antécbdents de mêrne que des signes d'atteinte du système
nerveux central. Les tableaux d'embolies periphCriques ont Cté
rares. Les valves aortiques ont ete intéressées dans Ia plupart des
cas. Une cardiopathie préexistante Ctait fréquente et contri-
buait a l'insuffisance cardiaque. La mort a etC Ic plus souvent le
fait de l'insuffisance cardiaque et des perforations valvulaires. Le
traitement medical a etC inefficace chez Ia plupart des malades.
Deux malades seulement ont survCcu, l'un d'eux a eu une pro-
these valvulaire. Parmi trois malades qui avaient une ostCo-
myClite et un traitement recent par les corticoides deux sont
morts d'endocardite. L'Ctablissement du diagnostic clinique
d'endocardite, l'évolution et I'issue de Ia maladie de mCme que
l'urgence du traitement different probablement de ce qui est
observe chez les non-urCmiques. Notre but est de rapporter
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notre experience de l'endocardite chez ces malades et de pro-
poser des lignes de conduite clinique orientCes vers un diagnostic
plus prCcoce ainsi que nos suggestions quant a un traitement
plus precoce et plus agressif.
Bacterial endocarditis is known to derive from in-
fected arteriovenous (A-V) fistulas of traumatic [1],
spontaneous [2], and postoperative or surgical origin
[3, 4]. It has also been reported as a secondary con-
sequence of external shunt infections used for hemo-
dialysis [5], as a complication of peritoneal dialysis
[6], and in renal transplant recipients [7, 8]. Bacterial
endocarditis may also cause renal failure [9].
The present report describes our own experience
with bacterial endocarditis in nine regularly dialyzed
patients from a large kidney disease referral center.
The study was undertaken in an effort to provide
improved guidelines for earlier clinical diagnosis and
treatment.
Clinical Material and Methods
Facilities. The Regional Kidney Disease Program
(RKDP) of Hennepin County General Hospital
(HCGH) is affiliated with the University of Minnesota
School of Medicine. It serves as a major referral center
for patients with kidney disease and hypertension,
and it offers regular dialysis and transplantation to all
patients with end-stage renal disease. Our patients
come from Minnesota, North Dakota, South Dakota
and western Wisconsin. Dialysis facilities are located
at HCGH and small community satellite hospitals in
Minnesota and both Dakotas; the total available
services include a 20-bed limited-care unit in Minne-
apolis as well as the provision of home dialysis training
for the four-state area.
Patient population. Approximately 90% of the
patients, including all of those described herein, are
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dialyzed thrice weekly using parallel flow dialyzers,
usually for six to eight hours per dialysis.
From 1966 through 1972, approximately 330 pat-
ients were dialyzed regularly by the RKDP. Eleven
patients developed infectious endocarditis during this
period. Two of these patients have been excluded from
this report. One patient had Nocardia endocarditis
and cerebral abscesses. She had a failing renal trans-
plant and immunosuppressive agents were being
withdrawn when Nocardia was cultured. Her symptoms
were primarily neurological in nature. Although she
was being returned to regular dialysis, the time period
between the diagnosis of endocarditis and her return
to treatment status was considered to be too short for
inclusion in this study. Death occurred despite anti-
biotic treatment and surgical intervention for treat-
ment of the cerebral abscesses. The second patient had
acute renal failure associated with acute aortic val-
vular endocarditis due to Staph. aureus. He had also
been given adrenocorticosteroids. The disease was
treated successfully with antibiotics and aortic valvular
replacement. After the "cure" of bacterial endocarditis
and complete recovery from acute renal failure,
clavicular osteomyelitis (due to Staph. aureus) was
found and eliminated by surgical and antibiotic
treatment. The patient remains well. Since this patient
was not regularly dialyzed, his report was also ex-
cluded, thus leaving nine patients with bacterial endo-
carditis (an incidence of 2.7%) to form the substance
of this report.
Five patients were dialyzed at the limited-care
facility, two were receiving treatment at one of the
satellite units, and two were at home.
Clinical criteria: The following features were regu-
larly sought in all patients: fever, bacteremia, new or
changing murmurs, splenomegaly, and peripheral
embolic phenomena. Throughout this report, the
term "peripheral embolic phenomena" shall include
cutaneous petechiae, Osler nodes, Janeway lesions,
subungual "splinter" hemorrhages and Roth spots.
Central nervous system and other visceral embolic
lesions shall be mentioned separately. The diagnosis
of bacterial endocarditjs was established from several
days to several weeks after the above features had
appeared in various combinations. Obviously, the
appreciation of a new or changing murmur or the
occurrence of peripheral embolic phenomena resulted
in a shorter interval between initial consideration of
the diagnosis and its establishment.
Bacteriologic methods. It must be emphasized that
this report deals with observations on nine patients
with bacterial endocarditis as it appeared in the active
clinical setting of a regular dialysis program. Some of
these patients were located up to 600 miles from our
center. At times, small community hospitals served as
intermediaries for the delivery of patient care. Oc-
casionally, desirable or optimal bacteriologic studies
were neither obtained nor available, partly due to the
clinical state of the patient and lack of sophistication
of the laboratory facilities. Nevertheless, despite the
occasional absence of pertinent laboratory evaluation,
we believe that the importance of our clinical observa-
tions has not been nullified. Brief descriptions of the
following techniques and procedures are included to
assist the reader in his or her evaluation of the clinical
setting in which the observations were made.
1) Access care. Cannula site infections are usually
first diagnosed by patients while cleaning their
cannulas before and after dialysis, or by nurses while
preparing the patient for dialysis. Cardinal signs of
inflammation, with or without drainage, are used for
diagnostic purposes; their detection necessitates the
obtaining of cultures from cannula exit sites. When
accompanied by drainage, fever or constitutional
symptoms, blood cultures are also obtained. All pro-
cedures are performed using aseptic technique.
Cannula exit sites are cleaned first with peroxide and
then with Betadine® or 70% alcohol if the patient is
allergic to Betadine. Sterile Telfa® followed by
Kerlix® dressings are then used.
The skin over the A-V fistula site is prepared simi-
larly, omitting the peroxide. No other venipuncture in
A-V fistulas is allowed.
2) Culture techniques. Great care is taken to mini-
mize the appearance of contaminants from skin in
cultures of blood. All blood cultures were obtained
from the arterial and venous limbs of the cannula by
trained personnel using aseptic technique. Before
sampling the cannula was wiped with 70% alcohol,
the connector was removed, and the cannula tips were
wiped with alcohol and allowed to dry. Thereafter,
the cannula limbs were permitted to fill with blood, a
small amount was allowed to escape and a sterile
syringe was then fitted to the tips for the collection of
2 ml samples from each limb. Peripheral venous blood
for culture was obtained by house officers after pre-
paration of the skin with soap and water, 70% alcohol
and Betadine. After similar preparatory steps such as
those above, cannula exit sites are cultured by trained
personnel using a sterile cotton-tipped applicator
swab which is then placed in a tube of sterile saline.
3) Bacteriologic methods. The usual clinical method-
ology is described to provide insight into the clinical
means of bacterial identification and determination of
the efficacy of antibiotic therapy. Since tube dilution
techniques (except in Patient 2), serum antibiotic
levels, and phage typing were generally unavilable,
precise evaluation of the results of antibiotic therapy
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was limited by their absence. Although it was not our
purpose to evaluate the efficacy of treatment with any
particular antibiotic, we believe that our conclusions
(based upon clinical observations and clinical bac-
teriological methods) are nevertheless sound and
important although admittedly somewhat less firm.
Standard methods of aerobic and anaerobic
culture and bacteriologic identification were followed.
Disc diffusion sensitivities are performed with Sensi-
Discs, Baltimore Biologic Laboratories, Cockeysville,
Maryland. Our laboratory categorizes the results as
"resistant," "intermediately sensitive," or "sen-
sitive." The following examples for specific antibiotics
first list the drug concentration in the disc, followed by
the zone size in millimeters for "intermediate sensi-
tivity," above which the organism is "sensitive" and
below which it is "resistant": ampicillin, 10 g, 21
to 28 (12 to 13 for enterococci); cephalothin, 30 g,
15 to 17; penicillin, 10 units, 12 to 21 for streptococci
and 21 to 28 for staphylococci; oxacillin, 1 g, 11 to
12; gentamicin, 10 g, 10 to 12.
Because phage typing has been unavailable to us,
staphylococci with similar antibiotic sensitivity pat-
terns recovered from separate infections in the same
patient have been regarded as "the same" staphylo-
cocci clinically. Obviously, "different" strains might
have been observed had phage typing been performed.
4) Postmortem bacteriological techniques. Cannulas
are not routinely examined at postmortem examina-
tion; postmortem culture at this time would be un-
interpretable due to proliferation of skin bacteria.
Only three of the patients had cannulas in place at
death. Organisms cultured from heart valves post-
mortem or from surgical specimens (whether or not
seen on Gram-stain smear), when the same as that
infecting blood antemortem can be taken as unequiv-
ocal proof of that organism being responsible for the
endocarditis. Organisms were absent from valve
tissue in approximately one-half of our patients. This
does not mean that the organisms from antemortem
blood culture were not responsible for the valvular
disease, only that unequivocal proof is lacking. Hope-
fully, it means that antibiotic therapy eradicated the
organisms from the valve although the inflammatory
response remained. As far as is clinically possible we
have, therefore, assigned the etiologic cause of endo-
carditis (when organisms are absent from valve tissue)
to the organism that was cultured and specifically
treated antemortem (preoperatively in patient 9). We
believe that this is a reasonable assumption in these
patients since these circumstances were accompanied
by pathologically active endocarditis, sterile blood
cultures during and after specific antibiotic therapy,
and sequential—albeit, circumstantial—clinical events
which would logically lead to such a conclusion. We do
not mean to imply that these bacteremias could only
have been due to endocarditis and that they were
unrelated to cannula infections or osteomyelitis. They
may well have been, in which case the endocarditis
would have been secondary to another and uncultured
organism. In the patients presented, this is felt to be
most unlikely.
Description of Individual Patients
Patient 1, a 48-year-old man with end-stage poly-
cystic renal disease was transferred to HCGH in
January, 1966 for chronic dialysis. Regular hemo-
dialysis was initiated using an external cannula.
Staphylococcus aureus pneumonia and bacteremia
necessitated admission to another hospital in April,
1966 after which he was discharged symptom-free and
without cardiac murmurs. During the next three
months he had intermittent hypotension, weakness,
fever and transient neurologic findings (expressive
aphasia and weakness and numbness of the right
upper extremity). A Gram-positive rod was observed
in two of three blood cultures shortly before his final
admission in August, 1966. This was identified there-
after as Corynebacterium pseudodiphtheriticum. The
cannula site did not appear infected and a sterile
culture was obtained. A grade lIl/VI blowing,
decrescendo diastolic murmur which radiated to the
neck, apex and axilla was heard best at the second
right intercostal space. A grade lI/VT systolic murmur
also became audible. The blood pressure was 120/50
mm Hg and the radial pulse was water-hammer in
character. Neurological examination revealed droop-
ing of the right corner of the mouth and weakness in
the right upper extremity. He developed homonymous
hemianopsia, papilledema, a right-sided seizure, and
died in September, 1966 despite treatment with 240 mg
of polymyxin B, 4.0 g of nafcillin sodium, and 6.0 g of
chioromycetin i.v. daily for three weeks. Postmortem
examination: The heart weighed 500g. Minimal
coronary atherosclerosis was present. The aortic
valve (Fig. 1) was deformed by yellow verrucae on each
cusp with a 1 mm perforation in the vegetation on the
right coronary cusp. Vegetations also existed on the
mitral valve. The right heart valves were normal. The
spleen was enlarged but free of embolic infarcts.
Scattered petechiae and foci of subarachnoid hemor-
rhages were present throughout the brain. Multiple
areas of acute and recent encephalomalacia were
found diffusely, the largest in the left occipital lobe.
Microscopic examination of the aortic valve showed a
polymorphonuclear leukocytic exudate containing
pleomorphic Gram-positive rods; a culture of the
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Fig. 1 Corynebacterium endocarditis involving aortic and mitral valves. Large arrow demonstrates perforation, small arrow
verrucal lesion (patient 1).
lesion yielded a Corynebacterium species. Micro-
organisms were not observed on examination of the
brain lesions.
Comments: This patient presented with acute aortic
insufficiency following recent episodes of staphylococ-
cal bacteremia and recurrent infections of the lungs
and cannula site. Multiple blood cultures were
positive for Corynebacterium species. The organism
was resistant to all antibiotics as tested by a standard
in vitro disc diffusion technique. Combination anti-
biotic therapy was without benefit. Most of the clinical
signs and symptoms were neurologic in nature.
Vegetative endocarditis of the aortic and mitral
valves was found after death and bacteriological
examination revealed the presence of the same or-
ganism as that detected in blood prior to death. My-
cotic cerebral lesions were not seen although the brain
findings were consistent with focal and embolic
hemorrhagic infarction.
Patient 2 was a 49-year-old woman who was admitted
to regular dialysis in July, 1970. She underwent bi-
lateral nephrectomy, splenectomy and appendectomy
in January, 1971 in preparation for renal transplanta-
tion. She was later admitted to HCGH in June, 1971
with intermittent fever and an alpha-streptococcal
bacteremia. At this time she had an external cannula
and an internal A-V fistula but she was being dialyzed
via her cannula. Culture of the cannula site grew
Staph. epidermidis and alpha-streptococci. A grade
Hh/VI basilar systolic ejection murmur was heard
which radiated along the left sternal border to the
apex. A diastolic murmur was not heard. She was
treated with 8.0 g cephalothin sodium i.v. daily and
became afebrile. She was discharged receiving 4 g of
cephalothin sodium during each thrice-weekly dialysis
and cephalexin, 500 mg orally, twice daily for four
more weeks. She was readmitted three weeks after
antibiotic therapy was discontinued because of re-
current fever. A diastolic murmur was heard in
addition to the systolic murmur. No peripheral
embolic manifestations of endocarditis were noted.
Two blood cultures grew a Group D streptococcus
(enterococcus); cultures of the cannula site were
sterile. The decrescendo diastolic murmur remained
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unchanged. Cephalothin sodium was given during the
first 48 hours followed by the institution of i.v.
ampicillin (12 g/day). Rapid defervescence was ob-
served. Serum bactericidal levels were achieved at this
dosage at dilutions ranging between 1:8 and 1:128.
After an episode of pulmonary edema, she became
symptom-free and was discharged four weeks later.
Ampicillin was continued for two more weeks (8.0 g
orally per day and 12 g i.v. during each dialysis).
Vancomycin, I g i.v., was also given every ten days.
Blood cultures remained sterile. Her cannula was
removed and she was dialyzed via the A-V fistula for
two weeks as an outpatient. She remained afebrile.
Two weeks later while being dialyzed at a satellite
unit, she developed chest pain and was hospitalized.
She died suddenly on her third hospital day in
September, 1971. Postmortem examination: Autopsy
was limited to the thoracic contents. The heart weighed
525 g. The mitral and right heart valves were normal.
Bulbous, partly calcified vegetations adhered to all
three cusps of the aortic valve. A 4 mm wide ulcer per-
forated the right coronary cusp resulting in a free
communication with the left ventricular cavity.
Microscopically, an active, exudative aortic vasculitis
was seen which contained Gram-positive cocci, some
noted in chains.
Comments: This woman had recurrent streptococcal
and staphylococcal bacteremia which was seemingly
eradicated with appropriate antibiotic therapy. Aortic
endocarditis was diagnosed ante mortem and was
felt to be the probable cause of death. Microorganisms
which resembled those found antemortem were seen
on the actively infected aortic valve.
Patient 3 was a 56-year-old man who began regular
dialysis in November, 1965. Multiple cannula site
infections and bacteremia with Staphylococcus aureus
and epidermidis occurred during the next four years.
In May, 1971 acute bacterial endocarditis was diag-
nosed when fever, congestive heart failure and new
systolic and diastolic aortic murmurs were noted. One of
seven blood cultures grew an anaerobic steptococcus.
Penicillin was administered daily (10 to 20 million
units i.v.) for the next three weeks in hospital. Blood
cultures were sterile. Outpatient management was
continued with 3.2 million units of oral potassium
phenoxymethyl penicillin daily before and 20 million
units of i.v. penicillin during each thrice-weekly
hemodialysis. Vancomycin (1.0 g/dose) was also
administered i.v. at ten day intervals for six weeks.
He was readmitted in November, 1971 because of
recurrent Staphylococcus epidermidis (penicillin-resis-
tant) bacteremia; culture of the cannula site was sterile.
He was febrile, cyanotic, and icteric. Subungual
hemorrhages of the right hand and great toe were
found. He died suddenly during the examination on
admission. Postmortem examination: The heart weigh-
ed 710 g. Right heart valves were normal. The aortic
valve contained verrucae on all three aortic cusps
(Fig. 2) with 2 mm perforations in the noncoronary
cusp and the anterior leaflet of the mitral valve. The
Fig. 2 Vegetative endocarditis of aortic valves with perforation in noncoronary cusp shown by arrow (patient 3).
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chordae tendinae were also involved. Osteomyelitis
of the 7th and 8th posterior ribs was noted with an
abscess extending intrathoracically. Bacteria were not
found with Gram-stain nor culture.
Comments: As previously reported [10] it was
speculated that osteomyelitis provided the source of
endocarditis. Each or both, of course, were most
likely secondary to bacteremia deriving from repeated
infections of the cannula site. The rib lesions were
clinically attributed to pathologic fractures due to
severe secondary hyperparathyroidism. Although
microorganisms were eradicated from both bony and
valvular tissues, the patient died of his illness before
surgical intervention could be attempted.
Patient 4 was a 69-year-old man who began regular
dialysis in April, 1971. He was admitted the following
month for Staphylococcus aureus bacteremia and
cannula site infection associated with an aneurysm of
the artery supplying the external cannula. He was
treated with oxacillin, aneurysmectomy and cannula
revision. He rapidly became afebrile and received
further outpatient treatment with oxacillin, 500 mg,
four times a day, for six weeks. An exfoliative derma-
titis presumably due to Betadine was treated with 10 mg
of prednisone daily. He was readmitted in November,
1971 because of melena, weakness, lethargy and
hypotension. He was receiving no drugs at that time.
A previously noted, grade Il/VI, short, early systolic
murmur was again heard at the left sternal border. A
sterile cannula site culture was obtained. He was
treated with transfusions and antacids. His course was
not influenced by adequate blood replacement.
Cardiac arrest occurred from which he was initially
resuscitated; however, he died shortly thereafter in
December, 1971. Postmortem examination: The heart
weighed 580 g. The right heart valves were normal. All
three cusps of the aortic valve were involved with
vegetations. There was a small excrescence upon the
mitral valve leaflet. The coronary arteries were
severely narrowed. The spleen was enlarged and con-
gested. An active aortic exudative endocarditis with
abscess formation was seen microscopically. The right
aortic coronary cusp was perforated as was the poster-
omedial commissure of the mitral valve. Multiple myo-
cardial microinfarctions were seen. Gram-positive cocci
were found in the vegetation on the right aortic cusp.
Comments: Endocarditis was not suspected clini-
cally in this man. Fever was absent and changing
heart murmurs were not noted; hence, blood cultures
were not obtained. Gross and microscopic evidence of
exudative endocarditis with Gram-positive cocci in the
clinical setting of recent staphylococcal bacteremia
provides sufficient clinical information to suspect that
the endocarditis was staphylococcal in origin.
Patient 5 was a 56-year-old woman who was admitted
to regular dialysis in October, 1969. Bilateral nephrec-
tomy, splenectomy and appendectomy were performed
one month later in preparation for renal transplanta-
tion. A saphenous vein A-V fistula was created because
of repeated infections of the cannula site. She was
admitted in September, 1971 with a six week history of
cough complicated by left-sided pleuritic pain, hemop-
tysis, fever and hypotension. Fractures of the left 6th
and 7th and the right 10th ribs were noted on roent-
genographic examination. Bilateral infiltrates were
seen on chest X-ray with a positive lung scan in the
areas of infiltrate. She had a pleural friction rub
overlying the area of the right lower lobe and a
"systolic flow murmur," and she was severely hypox-
emic. Staphylococcus aureus (sensitive to methicillin,
oxacillin, cephalothin and vancomycin) was grown
twice from sputum and once from blood. Open lung
biopsy showed nonspecific inflammation. She clini-
cally improved after treatment with 8.0 g of cephalothin
sodium i.v. daily for two weeks and gentamicin, 60 mg
i.v., at the end of each dialysis for one week. X-rays
showed marked clearing of the pulmonary infiltrates.
A persistent density in the area of lung biopsy was
attributed to that procedure. She was discharged in
early November but readmitted three weeks later
because of recurrent symptoms including bone pain.
The systolic murmur was louder; a diastolic component
was not heard. A clinical diagnosis of vasculitis was
made and prednisone, 60 mg per day, was given. The
friction rub was unchanged. Staphylococcus aureus
with the same pattern of sensitivity to antibiotics was
grown from blood one week after admission. Cloxacil-
un (2.0 g daily) and vancomycin (1.0 g every ten days)
were administered. The patient became afebrile. Pain
in the left forearm and shoulder developed subse-
quently without roentgenographic evidence of osteo-
myelitis. The day of death she developed focal motor
seizures. Spinal fluid and blood cultures (2/2) later
grew Staphylococcus aureus with sensitivities similar to
those outlined above. An electrocardiograph showed
the development of an acute inferior myocardial
infarction and a clinical diagnosis of acute bacterial
endocarditis with septic emboli to brain and a coronary
artery was considered. Cephalothin sodium, methicil-
lin and gentamicin were given, but the patient died
within 24 hours in December, 1971. Postmortem
examination: Osteomyelitis was present in the left 7th
and 8th, and right 8th and 9th ribs, from which pus
exuded into the thoracic cavity, particularly near the
site of previous biopsy. Purulent fluid was found in
the pleural spaces and the pericardium. The heart
weighed 510 g. Right ventricular endocarditis was
found with minute plaques on all valve leaflets. There
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was a recent septic infarction of the posterior septum
in the distribution of the right coronary artery with a
mycotic embolus within the vessel 4 cm from its origin.
The lungs, heart, and cerebral cortex contained micro-
abscesses. All the above tissues showed Gram-
positive cocci, culturally identified as Staphylococcus
aureus.
Comments: Neither endocarditis nor osteomyelitis
was considered until just before death. As with
patient 3, it was felt that osteomyelitis may have
served as the focus which led to eventual bacterial
dissemination and the development of endocarditis.
Patient 6 is a 27-year-old single woman who has
undergone regular dialysis for five years. She has re-
jected two kidney transplants and she has experienced
multiple episodes of infection and clotting of vascular
access devices. While receiving dialysis at the limited-
care facility in July, 1972, she developed fever and
rigors, prompting her admission. She had suffered
multiple spontaneous rib fractures and bone pain
during the past three months. Aside from a previously
heard grade lI/VI systolic murmur over the entire
precordium, a grade Il-Ill/VI diastolic high-pitched
murmur was also heard at the left sternal border. Four
of nine blood cultures revealed the presence of
Listeria monocytogenes. A diagnosis of acute bacterial
endocarditis was made; oxacillin and gentamicin were
administered initially. The organism was resistant to
oxacillin and sensitive to ampicillin. The two drugs
were replaced within 36 hours by ampicillin, 12 g i.v.
daily for six weeks. Osteomyelitis of the ribs was
suspected but unproven and the rib fractures were
attributed to severe secondary hyperparathyroidism.
Peripheral embolic phenomena never occurred and
the patient remains well nine months later. No new rib
fractures have occurred and those already present are
in various stages of healing.
Comments: Although cliphtheroids were first sus-
pected, the organisms leading to aortic endocarditis
were finally identified as Listeria monocytogenes. She
was successfully treated with ampicillin and no
complications occurred. Although not proven by
tissue examination and culture before antibiotic
therapy was instituted, we suspect that osteomyelitis
of the fractured ribs may have been the source of her
valvular infection.
Patient 7 was a 75-year-old American-Indian man
who began regular dialysis in December, 1971. There
was a ten year history of severe atherosclerotic
coronary artery disease with multiple episodes of
congestive heart failure and angina pectoris. A grade
11-111/ VI systolic ejection-type murmur had been
heard earlier over the entire precordium with radia-
tion to the neck. He was hospitalized three times for
arrhythmias and congestive heart failure. In Septem-
ber, 1972, during hospitalization for angina pectoris at
a satellite hospital, a high-pitched, decrescendo aortic
diastolic murmur was first heard. There was no
evidence of peripheral embolic phenomena. Splenic
enlargement was not noted. The patient had been
receiving oxacillin for a Staphylococcus aureus in-
fection at the cannula site for several days. The organ-
ism was sensitive to cephalosporins, vancomycin,
methicillin and oxacillin; the latter agent was con-
tinued for two weeks (2.0 g daily). An anterior sub-
endocardial myocardial infarction was diagnosed by
electrocardiographic and serum enzyme changes. He
was transferred to HCGH two months later because of
persistent fever and occasional chills. Staphylococcus
aureus was cultured once from blood but not from the
cannula site. On examination a grade 111/ VI early to
mid-systolic ejection murmur was heard at the apex
with radiation to the axilla and neck, and a grade
Il/VI soft, early diastolic murmur radiating to the base
was heard at the left fourth intercostal space. He was
treated with oxacillin, 4.0 g i.v. every six hours for
three weeks, and then, cloxacillin, 1.5 g, every four hours
for another three weeks. He was hospitilized in early
January, 1973 at a satellite hospital due to weakness,
worsening anemia, syncope, and a clotted cannula
which was revised. Cultures were not obtained. Ten
days later he was transferred to HCGH because of
continuing weakness, fever, and Staphylococcus
aureus bacteremia with the same sensitivities as out-
lined above. Cephalothin sodium, 8.0 g daily i.v., and
cloxacillin, 4.Og daily, were given. The BP was 160/60
mm Hg and peripheral pulses were bounding. The
murmurs were unchanged. No peripheral embolic
phenomena were present. Because of poor cardiac
output, hemodialysis was complicated by hypotension
and peritoneal dialysis was instituted. This was also
unsuccessful and complicated by heart failure, pneu-
monia, gastrointestinal bleeding, and coma. Death
occurred during the following month. Postmortem
examination: The heart weighed 580 g. Atherosclerosis
of all coronary arteries and a recent myocardial
infarction were present. The mitral valve and its
chordae tendinae contained vegetative thickenings. All
other heart valves were normal. A portion of the
spleen was infarcted. There was extensive hemorrhage
in the gastrointestinal tract, pneumonia, and pul-
monary, hepatic and splenic congestion.
Comments: This patient had severe underlying
coronary artery disease to which his recurrent heart
failure had been attributed. During satellite hospital-
ization, fever was attributed to a Staphylococcus
aureus can nula infection. The presence of a diastolic
murmur of aortic insufficiency prompted the diagnosis
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of endocarditis which at first appeared to have been
successfully treated. Recurrence of the staphylococ-
cemia after a cannula revision necessitated his transfer.
Cardiac output could not be maintained or supported.
No explanation can be given to the etiology of his
murmur, clinically that of aortic insufficiency. Since
he did not have mitral stenosis, a Graham Steell
murmur is excluded. The murmur was possibly
functional [11] but its presence led indirectly to a
correct diagnosis of endocarditis. Gross and micro-
scopic evidence of sterile mitral endocarditis was found
although the absence of microorganisms precludes a
definite statement that it was staphylococcal in origin.
Patient 8 was a 69-year-old man who was admitted in
November, 1972 because of changing heart murmurs
and blood cultures positive for Listeria monocyto-
genes. He had been receiving regular hemodialysis for
20 months. There was a long history of athero-
sclerotic and hypertensive heart disease with episodes
of intermittent angina pectoris, congestive heart
failure and myocardial infarction. He also had two
different systolic murmurs. He was admitted with
fever soon after a cannula revision in August, 1972.
The heart murmurs were unchanged and culture of
the cannula site revealed "diphtheroid organisms."
Further identification was not undertaken. Blood
cultures (2/2) revealed similar organisms and Staphylo-
coccus aureus. He was treated with i.v. oxacillin (12 g/
day) for a week in the hospital; then, as an outpatient,
he was maintained on a regimen of cloxacillin (2.0 g/
day) for three weeks. He was seen six weeks later in
November because of headaches, hypotension and fever
during dialysis. A new but unused fistula had been in-
serted. A new grade IV/IV harsh and medium-pitched
systolic murmur was heard best to the right of the
sternum in the fourth intercostal space and a new grade
Il/VI diastolic murmur was heard at the mid-sternal
area. The prior aortic systolic murmur was unchanged.
He was afebrile and there was no evidence of peripheral
embolic phenomena. Microorganisms presumptively
identified as "diphtheroids" from blood cultures
earlier in the week were finally identified as Listeria
monocytogenes, sensitive to ampicillin and inter-
mediately sensitive to oxacillin. Thorough questioning
revealed decreased mentation not evident during
casual conversation. Roth spots were seen in the left
optic fundus. He was treated with i.v. ampicillin (12 g/
day). The subsequent clinical course was marked by
persistent hypotension, fever and progressive mental
deterioration; he died within two weeks. Postmortem
examination: The heart weighed 600 g. The coronary
arteries contained atheromatous plaques and the
myocardium showed diffuse subendocardial fibrosis.
The aortic valve was bicuspid with old and recent
vegetations (Fig. 3). The tricuspid valve also con-
tained vegetations. Hemorrhagic infarctions were
present in the spleen. Multiple areas of encephalo-
malacia were found. Microscopically, old and acute
Fig. 3 Listeria endocarditis of bicuspid aortic valve. Arrow points to verrucal lesion (patient 8).
A
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myocardial infarctions were seen. Old and recent endo-
carditis without organisms was found on the aortic
and tricuspid valves.
Comments: This patient's history of underlying
heart disease is similar to that of patient 7. The in-
fecting organism was the same as that in patient 6 and
it was also identified presumptively as diphtheroids.
Endocarditis developed after a cannula site infection
and instrumentation. Cardiac output could never be
maintained. Surgical intervention was considered but
not carried out because of past cardiac problems and
current clinical status.
Patient 9 is a 43-year-old man in whom regular dialy-
sis was begun in December, 1967. Bilateral nephrec-
tomy was carried out for uncontrolled hypertension in
September, 1968. During the next three years he had
several episodes of staphylococcal infection at the
cannula site. Rigor, fever, and low back pain occurred
in December, 1971. Examination revealed a diastolic
aortic murmur. The cannula site showed no evidence
of infection and sterile culture was obtained. However,
blood cultures (2/3) revealed the presence of Staphylo-
coccus aureus and treatment was begun with cloxacillin
(2.0 g/day) between dialyses and i.v. oxacillin (6.0 g/
day) at the beginning and end of each thrice-weekly
dialysis. He became afebrile and symptom-free. The
pulse was water-hammer in character and the BP
ranged between 120—145/10—30 mm Hg. There were
no signs of peripheral embolic phenomena. Aside
from the previously heard systolic murmurs, a grade
Il/VI decrescendo diastolic murmur was heard over
the base of the heart. The second heart sound was
much decreased. Congestive heart failure developed
two weeks later. A Starr—Edwards prosthetic aortic
valve was inserted in February, 1972. The right
coronary cusp was involved with vegetation at surgery.
Clumps of cocci were seen upon Gram stain of the
surgical specimen. Unfortunately, culture material was
lost. The mitral valve was normal at surgery. The
patient received a cadaveric renal transplant six
months later which has since functioned well. Evidence
of recurrent endocarditis has not been manifest and
the patient remains well.
Comments: This patient developed Staphylococcus
aureus a&rtic valve endocarditis with aortic insuffi-
ciency after four years of regular dialysis. He had
experienced repeated episodes of staphylococcal in-
fection at cannula sites. Valve replacement was per-
formed because of congestive heart failure. Six months
later he received a renal transplant and is well without
signs of recurrent endocarditis.
Results
The average age of these six men and three women
was 55 years, the average age of the women being 44
years while that for men equalled 60.5 years (Table 1).
The average age for these patients is approximately
five years older than that of our present dialysis popu-
lation of more than 160 patients. All nine patients had
been dialyzed regularly for an average period of 28.6
months before the diagnosis of endocarditis was
established and they survived for an average period of
3.3 additional months before the occurrence of
apparent cure or death. The diagnosis of endocarditis
was not made until postmortem examination in two of
the patients, although it was considered within 24
hours of death in patient 5.
Indwelling cannulas were utilized for most dialyses
in these patients (Table 2). A-V fistulas were created in
three patients because of recurrent cannula site in-
fections, but these patients were dialyzed via this form
Table 1. Patient characteristics
Patient Sex Age Months of hemodialysis until: Diagnosis made
antemortem
Diagnosis Death or
considered termination
of study
1. M 48 9 9 Yes
2. F 49 11 15 Yes
3. M 56 66 72 Yes
4. M 69 8 8 No
5. F 56 27 27 No
(Considered
agonally)
6. F 27 56 61 Yes
7. M 75 11 14 Yes
8. M 69 20 21 Yes
9. M 46 49 6Q Yes
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Table 2. Other general information
Patient Cannula (C)
Fistula (F)
Central nervous system findings Presence of peripheral
embolic phenomena
1. C Expressive aphasia, right arm weak and numb; right facial nerve paresis;
homonymous hemianopsia; papilledema; seizures
No
2. C—F None No
3. C None Yes
4. C —* F Weakness and lethargy No
5. C-F Seizures Yes
6. C None No
7. C Weakness, syncope, coma No
8. C Altered level of consciousness, mental deterioration, coma Yes
9. C None No
of access for only a short period before the detection of
endocarditis. An A-V fistula was also created in
patient 8 but it had never been used prior to the dis-
covery of endocarditis. Patient 9 received dialysis via
an A-V fistula for only a short time after aortic valve
surgery and prior to transplantation.
Central nervous system symptoms varying from
subtle changes in mentation to seizures and coma were
a prominent part of the clinical presentation in five
patients. These symptoms were probably related to
1) local mycotic infections; 2) sterile embolic phenom-
ena; and 3) decreased vascular perfusion due to poor
cardiac output secondary to the hemodynamic con-
sequences of endocarditis. Typical peripheral embolic
lesions were seen in three patients; they were associ-
ated with staphylococcal disease in two.
Ten new murmurs were heard, four in systole and
six in diastole (Table 3). Two patients developed both
a new systolic and diastolic murmur. Clinically eight
murmurs were attributed to aortic valve disease and
three to mitral involvement. Murmurs of combined
aortic and mitral valve disease were diagnosed clini-
cally in three patients, actually due to aortic and
tricuspid disease in one. Clinical mitral valve disease
alone did not occur. Congestive heart failure developed
proximate in time to the diagnosis of endocarditis in
five patients; in four it was attributed to athero-
sclerotic heart disease.
Table 3. Clinical cardiac manifestations
New systolic murmur 4
New diastolic murmur 6
New systolic and diastolic murmur 2
Established underlying heart diseasea 4
Clinical aortic valve involvement 8
Clinical mitral valve involvement 3
Clinical mitral and aortic valve involvement 3
Congestive heart failure 5
Excluding hypertensive heart disease.
One patient each had endocarditis in association with
bacteremia due to Staphylococcus epidermidis, enter-
occus and Corynebacterium; two were infected with
Listeria monocytogenes, and four with Staphylococcus
aureus, two of whom had recently received adreno-
corticosteroid therapy (Table 4). Patients 4 and 5,
neither of whom had a diagnosis of endocarditis made
antemortem, received no antibiotic therapy for their
disease. The rest of the patients received or had re-
cently completed courses of antibiotic therapy to
which the infecting organisms were sensitive. The
Corynebacterium species cultured from patient 1 was
resistant to all drugs tested [12].
Two patients had Staphylococcus aureus pneu-
monia with bacteremia; it was successfully eradicated
in patient I; in the other (patient 5) it eventually led to
death. Six patients had experienced recent cannula
site infections with or without bacteremia. In only four
patients were the organisms thought to have caused
endocarditis "the same" as those isolated during a
recent infection; all were staphylococci. If the "diph-
theroids" in patient 5 are included (later identified as
Listeria monocytogenes), the total number is increased
to five.
Heart weights ranged from 500 to 710 g with an
average of 566 g (Table 5). Of eight aortic and mitral
valves examined, vegetations were noted on seven and
five valves respectively. Right-sided endocarditis was
seen in two patients. Combined valvular lesions were
present in five. There were six valve perforations in
four of eight aortic valves examined, three in the right
coronary cusp and one in the noncoronary cusp.
Perforations were also found in two of eight mitral
valves examined, one each on the anterior and pos-
terior leaflet. Two patients had perforations in both the
aortic and mitral valves. Of eight specimens examined,
in only four were organisms identified either by Gram
stain or culture. Four of eight patients examined had
significant atherosclerotic coronary artery narrowing.
Aside from coronary artery disease, patient 5 also had
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Table 4. Clinical microbiology
Patient Infecting organism Antibiotic therapy Recent infections (organism)
1. Corynebacterium polymyxin B, nafcillin, Penumonia and bacteremia (Staphyloccus
pseudod(ohtheriticum chloromycetin, and penicillin G aureus)
2. Enterococcus (Group D) cephalothin — ampicillin Bacteremia (a-streptococcal) Cannula and
bacteremia (Staphylococcus aureus)
3. Staphylococcus epidermidisa penicillin and vancomycin;
oxacillin
Bacteremia (Staphylococcus epider,nidis)
4. Staphylococcus aureus Noneb Cannula and bacteremia (Staphylococcus
aureus)
5. Staphylococcus aureus None° Pneumonia and bacteremia (Staphylococcus
aureus)
6. Listeria monocytogenes gentamicin and oxacillin —÷
ampicillin
None
7. Staphylococcus aureus oxacillin and penicillin G Cannula (Staphylococcus aureus and
epidermidis)8. Listeria monocytogenes oxacillin and cloxacillin —
ampicillin
Cannula and bacteremia (Staphylococcus
aureus and "diphtheroids")
9. Staphylococcus aureus oxacillin and cloxacillin None
Anaerobic streptococcus recovered six months previously when acute bacterial endocarditis was diagnosed.b Received oxacillin for cannula infection previously.
Received various combinations of cephalothin, gentamicin, cloxacillin, methicillin, and vancomycin for pneumonia and bacteremia
previously.
a septic embolus in one coronary artery with associ-
—
ated distal infarction.
Three patients had recently received adrenocorti-
costeroid therapy (Table 6). Endocarditis after valve
replacement has not recurred in patient 9 who is
2 receiving immunosuppressive therapy for a kidney
5 transplant. All of these patients had Staphylococcus
6 aureus endocarditis. Patients 3 and 5 had concurrent
osteomyelitis proven at postmortem examination.
patient 6 was also suspected to have had osteomye-
litis, but therapy was initiated before excisional diag-
nostic biopsy and culture could be performed. All three
patients had rib involvement. Only patient 9 underwent
open heart surgery with valve replacement and is now
— apparently cured. The seven patients who died lived
an average of only two months from diagnosis.
Table 6. Therapeutic considerations and results
Patient Received steroids
and/or
Osteomyelitis,
proven or suspect
Surgical
intervention
Outcome
immunosuppressents
1. No No No Dead
2. No No No Dead
3. No Yes No Dead
4. Yes No No Dead
5. Yes Yes No Dead
6. No Yes No Alive
7. No No No Dead
8. No No No Dead
9. Yes No Yes Alive
Received these after valve replacement when transplanted.
Table 5. Cardiac pathology
Heart weights (7)
mean and (range) 566 (500—710) g
Aortic valve vegetations (8)
Mitral valve vegetations (8)
Right ventricular endocarditis (8)
Combined valvular lesions (8)
Perforations
Aortic valve (8) 4
Right coronary cusp 3
Non-coronary cusp 1
Mitral valve (8) 1 2
Anterior I
Posterior I
Combined valvular 2
Organisms identified (8)
Significant coronary artery atherosclerosis (8)
a Number of patients examined in parentheses.
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Discussion
According to Friedberg [13], the most important
factor in the diagnosis of endocarditis is the physician's
index of suspicion. This is especially true in patients
receiving regular dialysis. Classical diagnostic features
of endocarditis include fever, anemia, heart murmurs,
hematuria, embolic phenomena and splenomegaly
[13, 14]. In some regularly dialyzed patients spleno-
megaly occurs due to red blood cell sequestration [15];
other patients may undergo splenectomy (with bilateral
nephrectomy) in preparation for transplantation. Most
patients with renal failure have anemia. Those patients
not surgically anephric may have hematuria as a
result of their renal disease. The incidence of embolic
phenomena in nonuremic patients with endocarditis
is low and appears to be diminishing [16]. This also
appears to be so in dialysis patients. Fever due to many
causes is a frequent occurrence in regularly dialyzed
patients. Many of our patients have systolic flow
murmurs, usually attributed to anemia. Recently,
functional diastolic murmurs in azotemic patients have
been described [11] as a complication of anemia, con-
gestive heart failure and hypertension. The murmurs
disappear with resolution of these factors.
Therefore, the physician responsible for the care of
these patients has a difficult task and must, indeed,
maintain a high index of suspicion if endocarditis is to
be detected. We suggest that the diagnosis of endo-
carditis should be suspected when fever, bacteremia
and a new or changing heart murmur occurs, especially
after cannula site infection or manipulation. The
presence of central nervous system symptoms [17] not
due to other causes or fever per Se, may provide
additional diagnostic clues. Although peripheral
embolic phenomena are not pathognomonic of endo-
carditis [18, 19], their presence surely directs the
physician's attention to this entity.
Bacteriology: Streptococcus viridans, Staphylococcus
aureus and enterococci are the most common organ-
isms causing endocarditis in the general population
[20]. In recent years the incidence of endocarditis
caused by Staphylococcus epidermidis, fungi, Gram-
negative and other organisms has been increasing
[16, 21]. This is particularly true in patients with chronic
debilitating illnesses, those treated with immuno-
suppressive agents and narcotic addicts. Many
patients treated with dialysis or transplantation have
one or both of the first two factors in common. Bac-
teria such as Staph. epiderniidis, Listeria monocyto-
genes, and Corynebacterium pseudodiphtheriticum are
notable examples of the changing spectrum of
organisms which apparently cause endocarditis in our
patients.
Stapkvlococcus epidermidis and diphtheroids are
commonly regarded as contaminants in blood cul-
tures. Such a policy is not advised in dialysis patients
until a thorough search for a source, such as endo-
carditis, has been completed. The bacteria infecting
patients 1 and 8 were originally identified as "diph-
theroids." Persistent bacteriological study engendered
the correct identification of these organisms [22],
although, unfortunately, both patients died.
Access Infections: Infections of cannula sites and
fistulas are the most common source of infection in
regularly dialyzed patients [23, 24]. The most com-
mon infecting organisms are staphylococci [23, 24]. It
was hoped that the creation and use of subcutaneous
A-V fistulas would reduce the infectious risks inherent
in the use of external cannulas [4]. Although the in-
cidence of A-V fistula infections appears to be less,
the severity of infectious complications from A-V
fistulas seems to be greater [23] and they include
septic pulmonary emboli [25], osteomyelitis [10], and
endocarditis [4].
Septic pulmonary emboli [26], endocarditis [27—30]
and osteomyelitis [31, 32] have also occurred in nar-
cotic addicts. Repeated intermittent access to the
circulation either by venipuncture or cannula is com-
mon to both narcotic addicts and hemodialysis
patients. Introduction of microorganisms into the
bloodstream in both groups of patients appears to be
a shared pathogenetic mechanism in the development
of endocarditis.
Occurrence of osteomyelitis in dialysis patients has
only recently been reported [10]. Although known to
occur together in nonuremic patients [33], osteo-
myelitis and endocarditis have not otherwise (patient
3 [10]) been reported in dialysis patients before.
Adrenocorticosteroids have been given to patients
with endocarditis who are allergic to drugs such as
penicillin [34—36] and their prognosis is said to be
unchanged as long as adequate levels of antibiotic
therapy are administered concurrently [14]. Unfor-
tunately, this has not been our experience. The organ-
ism causing bacterial endocarditis in our patients
treated with adrenocorticosteroids is Staphylococcus
aureus. We also found this to be true in patients with
osteomyelitis [10].
Therapy: Seven patients had infections shortly before
the diagnosis of endocarditis was made. All had
received appropriate therapy as guided by the results of
bacteriological sensitivity testing. Of these, four
patients had organisms similar to those causing the
endocarditis, all of which were staphylococci. Two
patients had Listeria infections; one organism was
resistant to oxacillin, but sensitive to ampicillin with
which cure appears to have been effected. The other
was sensitive to both oxacillin and ampicillin. This
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patient succumbed but the cause of death was also
related to underlying coronary artery disease. Entero-
coccal endocarditis (patient 2) is usually treated with
penicillin and streptomycin [37, 38]. Other thera-
peutic regimens reportedly effective include the use of
cephalosporin derivatives [39, 40], lincocin [41],
ampicillin [42], and vancomycin [43, 44]. The latter
two agents may be used with streptomycin.
The recommended length of parenteral antibiotic
therapy for endocarditis is six weeks. It has been shown
recently [45] that for some extremely penicillin-sus-
ceptible organisms such as Streptococcus viridans, a
two week course of oral penicillin therapy plus
streptomycin gives results comparable to those of
high-dose parenteral penicillin with or without
streptomycin. Although most of our patients were
treated parenterally with antibiotics, some were man-
aged with concurrent oral therapy or a three week
course of parenteral treatment followed by a three week
course of oral therapy. In any event, antibiotic
therapy alone was unsuccessful in most of our
patients.
Vancomycin has been found to be effective in the
therapy [46] and prophylaxis [47] of staphylococcal
cannula site infections in hemodialysis patients, as has
oral cloxacillin [48]. Because vancomycin is highly
effective against staphylococci and, as reported above,
also effective against enterococci, serious consideration
should be given to the possible routine prophylactic
use of this drug in dialysis patients, especially those
who have repeated cannula or access infections. In an
experimental model [49], vancomycin has been shown
to be superior to penicillin or its derivatives in the
preventation of endocarditis. In a different study [50]
oxacillin was only partially successful in eradicating
staphylococci from surgically-injured aortic valves.
It now appears established that when aortic endocar-
ditis produces heart failure, antibiotic therapy alone is
far inferior to that of valve replacement [5 1—55]. This
conclusion is supported by the meager survival of
only two of our patients, one of whom survived heart
failure after aortic valve surgery. We now advise
prompt surgical intervention when aortic valvular
endocarditis with heart failure occurs in our dialysis
patients. Too few patients with mitral valve disease
have thus far been reported so that a similar recom-
mendation would be premature.
Review and recommendations
The incidence of endocarditis in all patients ad-
mitted to our regular dialysis program has been 2.7%.
Table 7. Review of other reported cases of endocarditis in regularly dialyzed patients
Ref. Patient
Age Sex
Months of dialy
sis to diagnosis
of endocarditis
- Pre-existing valve
disease
Cannula (C
Fistula (F)
) Involved
valve
Organism Antecedent
problem
Embolic
phenomen
Conges-
a tive heart
failure
Received
steroids
Surgical
inter-
vention
Outcome
[4] 28 NSa 10 Yes F Aortic &
mitral
NS NS NS NS NS NS Dead
[6] 26 M 1 NS F Aortic Enterococcus Abdominal
sepsis
No Yes No Yes Alive
[56] 32 M 3 NS F Aortic Group D Dental
streptococcus
No Yes NS No Dead
45 M 24 NS C Aortic Strep. viridans Dental Yes NS NS No Alive
(571 NS NS 12 NS C Aortic Sterile NS NS NS NS No Alive
22 NS NS No C Tricuspid NS Cannula
infection
NS No Yes No Dead
(58] 42 M 3 NS F Aortic a-Streptococcus Congestive
heart
failure
No Yes NS No Dead
SI M 9 NS C —v F Aortic Enterococcus NS No No Yes Yes Dead
[59] NS F N5 NS F Aortic E. colt; Fistula
S. epidermidis; infection
Serratia
No Yes NS No NS
[5]b 33 F 12 No C Mitral Staph. aureus Cannula
infection
No Yes No Yes Alive
[601b 34 F 12 Mitral prosthesis C Mitral
prosthesis
Strep. viridans Cannula
infection
No Yes No Yes Alive
[61] 33 M 30 (Systemic lupus
erythematosus)
C Aorlic Staph. aureus Cannula
infection
Yes Yes Yes Yes Dead
[62] NS NS NS Yes F Aortic Staph. aureus NS NS Yes N5 Yes Alive
NS NS NS No F Aortic Staph. aureus NS NS Yes NS Yes Alive
NS NS NS No F Aortic Staph. aureus NS NS Yes NS Yes Alive
NS NS NS No F Aortic Staph. aureus NS NS Yes NS Yes Alive
(601 46 F 34 Yes C —,. F Mitral Staph. aureus; Cannula
Strep. viridans infection
No No No No Alive
61 F 11 Yes C Aortic &
Mitral
Strep. viridans Aseptic tech-
nique not
followed
No Yes No No Dead
a NS= not stated.
b Same patient with two episodes reported separately.
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Table 8. Selected aspects of endocarditis in regularly dialyzed
patients
Our
series
Other
reports
Total
Number of episodes 9 18 27
Male/Female 6/3 6/4 12/7
Mean age (years) 55 38 46
Mean months of dialysis to
endocarditis 29 13 20
Prior valve disease 2 5 7
Cannula/Fistula 9/3 9/10 18/13
Valvular involvement
Aortic 3 12 15
Aortic and mitral 3 2 5
Aortic and tricuspid 1 0 1
Mitral 1 3 4
Right-sided 1 1 2
Antecedent infections
Cannula 5 5 10
Fistula 0 2 2
Dental 0 2 2
Pulmonary 2 0 2
Other 0 9 9
Infecting organisms
Streptococcal 1 8 9
Staphylococcal 5 7 12
Other 3 5 8
Peripheral embolic phenomena 3 2 5
Congestive heart failure 5 12 17
Adrenocorticosteroids administered 3 3 6
Surgical interventions 1 9 10
Alive 2 9 11
Combining our patients with those previously re-
ported (Table 7), 27 episodes of bacterial endocarditis
have occurred in 26 patients (Table 8). The following
conclusions can be made: infectious endocarditis is not
a rare disease in regular dialysis programs; its sex and
age distribution reflects that of the program itself and
it occurs more commonly one to two years after the
initiation of dialysis; it usually succeeds access infec-
tion, particularly when accompanied by bacteremia.
Endocarditis was initially reported in patients who
were dialyzed via cannulas. Since then, most have
been recorded in patients with internal A-V fistulas.
Our experience re-emphasizes the role of indwelling
cannulas as both a nidus for infection and a portal of
entry in the pathogenesis of bacterial endocarditis.
Staphylococci are the most common infecting or-
ganisms, particularly in patients with cannulas.
Streptococci are usually causative in patients with A-V
fistulas. The aortic valve is usually involved, singly or
in combination with other valves (especially with the
mitral valve). Mitral or tricuspid valve involvement
alone is uncommon. Classically described symptoms
and signs of bacterial endocarditis may not be helpful
diagnostically because they may be present without
endocarditis in these patients. Central nervous system
symptoms associated with access infection and
bacteremia should alert the physician to search for the
presence of bacterial endocarditis. Peripheral embolic
phenomena are uncommon and are usually seen in
staphylococcal disease. Congestive heart failure has an
ominous prognosis unless surgical intervention is
seriously considered. The concomitant occurrence of
osteomyelitis and bacterial endocarditis makes bac-
terial eradication and cure unlikely. This was also true
of patients with bacterial endocarditis who received
adrenocorticosteroid agents. Staphylococcal disease
has been a feature of both situations. Antibiotic
therapy alone is rarely curative. Surgical valve replace-
ment appears to give the best chance for survival, even
in patients who received adrenocorticosteroids. Be-
cause of recurrent and indwelling repeated access to
the circulation, bacteria that are usually considered to
be nonpathogenic should not be interpreted as con-
taminants when recovered from blood cultures until
endocarditis has been diligently excluded. The most
common cause of death is valve perforation and
congestive heart failure which may be preventable by
valve replacement. Although infections in patients
with A-V fistulas are less common, they are more
severe than in those patients with can nulas. The routine
use of vancomycin prophylaxis should be considered,
and its use appears to be justified particularly in
patients with recurrent access problems.
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